The variable-interval time-averaging (VITA) technique developed by Blackwelder and Kaplan [J. Fluid Mech. Z §, 89 (1976)] is ,applied to data obtained from large-eddy simulation of turbulent channel flow in an investigation of the organized structures associated with the bursting phenomenon in the near-wall region. Conditionally averaged velocities, shear stress, pressure, and vorticity are discussed in conjunction with the bursting phenomenon detected by the VITA technique. The conditionally averaged pressure reveals that the ejection process is associated with a localized adverse pressure gradient. In the plane perpendicular to the flow direction, the conditionally averaged vorticity field indicates that a pair of counterrotating streamwise vorticity is being lifted through the ejection process.
I. INTRODUCTION
During the past decade, coherent structures in turbulent flow have been the subject of considerable interest among turbulence researchers.
For a complete review of these structures, the reader should refer to the recent review article by Cantwell. 1 In the present paper, the coherent structures associated with wall-bounded turbulent flows in the near-wall region are investigated. Substantial experimental evidence has been collected which indicates that there exist quasi-cyclic, spatially coherent structures in the vicinity of the wall in turbulent boundary layers. Although there is little disagreement about the existence of such organized structures, the lack of consensus on the detailed description of the structure still prevails (for example, see
Kline and Falco 2 ).
The bursting phenomenon is a subject of intense interest to researchers who are working to identify the organized structures in the wall-bounded shear flows. It is composed of a sequence of quasi-cyclic events that occur in the wall region. Extensive experimental work on the bursting phenomenon has been reported in the literature: e.g., Kline et al., s Corino and Brodkey, 4 Brodkey et al., s and Offen and Kline. 6 Blackwelder and Kaplan 7 used a novel technique, called VITA (variable-interval time-averaging), to single out the bursting event from the usual chaotic turbulent flow. They then obtained the conditionally averaged statistics and reported some organized structures associated with the bursting phenomenon. In the present study, the same technique was applied to the data obtained from the large-eddy 
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The terms "organized" and "coherent" structures have been used widely to imply different things by different investigators. It might be appropriate here to clarify their meaning in the present context to avoid a possible confusion. In the present paper, the words organized and coherent are used to imply structures that are recognizable through the ensemble-averaging process defined by the VITA technique. In other words, it is the structure that is ordered enough to be detected by the VITA technique.
In Sec. II the VITA technique is described briefly, and the results of the conditionally averaged field are presented in Sec. III. A short discussion and a conclusion based on the present investigation are presented in Sec. IV and a short summary of the present study is provided in Sec. V.
II. CONDITIONAL SAMPLING
The detection of the bursting phenomenon can be very subjective depending on the investigator's detection criterion. Q(xi,t,T) e ~ Jr Q(xi,<)d< ,
where T is the averaging time. Note that
where the bar indicates the conventional time-average. If one wants to obtain a local average of some particular phenomenon, the averaging time T must be of the order of the time-scale of the phenomenon under study. To represent a measure of the turbulent energy during time T, a localized variance is defined in the following way:
where u is the fluctuating component of the streamwise velocity. The detection criterion for the bursting phenomenon is then completed by using a threshold level on the VITA variance. The detection function
for ~ > k u~s otherwise and au/at > 0 , (4) where k is the threshold level and u is the root mean square of rms the fluctuating streamwise velocity. The second constraint, au/at> 0, was not a part of the original detection function used by Blackwelder and Kaplan,7 but was added in the subsequent work of Chen and Balckwelder.
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The conditional average of a quantity Q is defined by
where is the position at which the sampling occurred, the subscript y+ indicates the position at which detection occurred, and N is the total number of the events detected by Eq. (4).
To obtain a spatial structure rather than the temporal structure, in the present study, the conditional averaging process was modified 
For all the data discussed in this paper, a threshold value of 1.2 and L = 8~x, corresponding to 500 wall units (i.e., L+ = LuT/v = 500), were used. The location of the detection probe was set at y+ = 21. These values are comparable with the values used by the previous investigators.
Blackwelder and Kaplan,7 for example, used k = 1.2 and T+ = Tu~/V = 10 with the detection probe at y+ = 15. In addition, the ensembleaveraging process was taken over several flow fields at different time to obtain better statistics. Most of the results reported here were results of the ensemble averages over more than 1000 independent events.
III. CONDITIONAL AVERAGES Figure Although it is not shown here, the conditionally averaged wall shear is very similar to this curve. One interesting feature of the curve is that it has a long tail to the upstream side (sweep side). This causes the deviation from the mean to become more noticeable further along the upstream side in Fig. 2 
(b).
The conditionally averaged pressure is shown in Fig. 4 together with the streamwise velocity. The pressure signatures show localized peaks associated with the event. As a result of these peaks, localized adverse pressure gradients are formed followed downstream by favorable pressure gradients around the detection point. Note that these peaks are more or less aligned in the direction normal to the wall. In contrast, the peaks of u are skewed such that they arrive first away from the wall. The skewness of the u-signature can be interpreted as follows: (1) either the large-scale structure moves toward the wall at an oblique angle; or (2) The conditionally averaged spanwise vorticity is shown in Fig. 5 .
In the regions shown in the figure, most contributions to the vorticity derive from -au/ay, and the contribution of av/ax is negligible.
The profiles show the excess and defect vorticity associated with the sweep-ejection motions. The corresponding streamwise and normal 8 , vorticity were also computed; they showed no coherent motions in this ~ -y plane, as expected by symmetry.
So far, we have examined the conditional averaged quantities in ~ -y plane only. One can also study these profiles in ~ -z and y -z planes. In the ~ -z plane, we can study the spanwise extent of the structure associated with the event. In Fig. 6 , the condition- 5. This pair of the counterrotating vortices scoops up more lowspeed fluid in between the vortices, and the flow in the large portion of the inner layer decelerates. They also create a pair of streamwise vorticity of opposite signs with respect to them near the wall because of the viscous boundary condition.
Note that this description of the bursting event is generally con-I sistent with the flow model proposed by Blackwelder and Eckelmann 9 on the role of the streamwise vortices for the event. However, the streamwise extent of these vortices is shorter than the one their model sug-
gests. It appears that these streamwise vortices are much shorter than the wall layer streaks, suggesting that the streamwise vortices are needed only for initiating the formation of the streaks and that they do not have to be present side by side with the streaks. In addition, these streamwise vortices are tilted with respect to the wall. This is consistent with the result of Kim and Moin,15 which showed that the contour plots of the streamwise vorticity did not exhibit any streaky structure in contrast to the contours of the streamwise velocity. • ,..
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